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1. INTRODUCTION {#jmv25232-sec-0010}
===============

An estimated 250 to 260 million people in the world are reported to be hepatitis B surface antigen (HBsAg) positive.[1](#jmv25232-bib-0001){ref-type="ref"} Since the introduction of hepatitis B virus (HBV) vaccination in the 1980s, the incidence of acute HBV infection dropped tremendously worldwide.[2](#jmv25232-bib-0002){ref-type="ref"}, [3](#jmv25232-bib-0003){ref-type="ref"} In The Netherlands, HBV infections are statutorily but anonymously notified to the Dutch registry for notifiable infectious diseases (OSIRIS) by the municipal health services. The incidence of acute infections was low, with 0.6 notifications per 100 000 population in 2016.[4](#jmv25232-bib-0004){ref-type="ref"} The estimated prevalence of chronic HBV infection in The Netherlands is 0.2% to 0.5%.[5](#jmv25232-bib-0005){ref-type="ref"}, [6](#jmv25232-bib-0006){ref-type="ref"}

HBV is classified in 10 HBV genotypes, designated A to J, based on phylogenetic analysis of the S gene and full‐length genome.[7](#jmv25232-bib-0007){ref-type="ref"} The different types have a distinct geographical distribution, with genotype A commonly found in North America and Europe and genotype D in North Africa and the Middle East. The dominant types in The Netherlands have been reported to be genotype A, frequently detected among men who have sex with men (MSM), and genotype D, commonly isolated from immigrants from the Mediterranean region.[8](#jmv25232-bib-0008){ref-type="ref"}, [9](#jmv25232-bib-0009){ref-type="ref"} HBV is a double‐stranded DNA virus with a genome length of \~3.2 kb. The genome encodes for an overlapping open reading frame and translates into 3 antigens (core \[HBcAg\], surface \[HBsAg\], and the e antigen \[HBeAg\]), the DNA polymerase, and gene x, which acts as a transactivator for replication.

The HBV genome is one of the most variable among DNA viruses. In particular, variation in the major hydrophobic region (MHR; amino acids 100 to 160) of the HBsAg has been related to reduced or absent immune/vaccine responses (immune/vaccine escape), may impact the detection of HBsAg, or lead to reactivation in persons with previously resolved infection or immunosuppressed persons (often receiving immunosuppressive treatment) with stable chronic infection.[10](#jmv25232-bib-0010){ref-type="ref"}, [11](#jmv25232-bib-0011){ref-type="ref"}, [12](#jmv25232-bib-0012){ref-type="ref"}, [13](#jmv25232-bib-0013){ref-type="ref"}, [14](#jmv25232-bib-0014){ref-type="ref"}, [15](#jmv25232-bib-0015){ref-type="ref"}, [16](#jmv25232-bib-0016){ref-type="ref"}, [17](#jmv25232-bib-0017){ref-type="ref"}, [18](#jmv25232-bib-0018){ref-type="ref"}, [19](#jmv25232-bib-0019){ref-type="ref"}, [20](#jmv25232-bib-0020){ref-type="ref"}, [21](#jmv25232-bib-0021){ref-type="ref"}, [22](#jmv25232-bib-0022){ref-type="ref"}, [23](#jmv25232-bib-0023){ref-type="ref"}, [24](#jmv25232-bib-0024){ref-type="ref"} This study shows, for the first time, variation among acute HBV infections as well as a comparison of the HBsAg amino acid variation between acute and chronic infections.

2. METHODS {#jmv25232-sec-0020}
==========

2.1. Study population {#jmv25232-sec-0030}
---------------------

In The Netherlands, all acute HBV infections are anonymously notified to OSIRIS by the municipal health services. OSIRIS is a public health database used for surveillance. Clinical, patient, and test data on HBV markers are not reported, which did not allow further analysis of the relation of levels of different HBV markers and substitutions.

Acute cases are reported to OSIRIS based on a positive HBsAg test result and/or an anti‐HBc IgM result (when available). Chronic cases are notifiable when a positive HBsAg or HBV‐DNA positivity is diagnosed in The Netherlands for the first time. Interviews are conducted to ascertain risk exposures and to conduct source‐tracing investigations and/or partner notification.

Since 2004, blood samples from all acute cases reported to OSIRIS were requested for typing. Since 2010, samples from chronic cases with risk behavior (ie, tested as part of the HBV vaccination program for behavioral risk groups, or with the reported transmission route of MSM sexual contact) were also requested for typing. All samples that were successfully typed in the HBsAg between 2004 and 2014 were studied. Samples that were successfully typed in the HBsAg from chronic cases with risk behavior notified before 2010 were obtained from several epidemiological studies[5](#jmv25232-bib-0005){ref-type="ref"}, [8](#jmv25232-bib-0008){ref-type="ref"}, [9](#jmv25232-bib-0009){ref-type="ref"}, [25](#jmv25232-bib-0025){ref-type="ref"}, [26](#jmv25232-bib-0026){ref-type="ref"}, [27](#jmv25232-bib-0027){ref-type="ref"}, [28](#jmv25232-bib-0028){ref-type="ref"}, [29](#jmv25232-bib-0029){ref-type="ref"}, [30](#jmv25232-bib-0030){ref-type="ref"}, [31](#jmv25232-bib-0031){ref-type="ref"}, [32](#jmv25232-bib-0032){ref-type="ref"}, [33](#jmv25232-bib-0033){ref-type="ref"}, [34](#jmv25232-bib-0034){ref-type="ref"} conducted at the National Institute for Public Health and the Environment (RIVM) and municipal health services.

2.2. Isolation, amplification, and sequencing of HBsAg {#jmv25232-sec-0040}
------------------------------------------------------

DNA was isolated from 200 µL of serum by manual extraction using the QIAamp DNA Mini and Blood Mini kit (Qiagen, Venlo, The Netherlands) (samples from 2004 to 2006) or by automated extraction using the LC Nucleic Acid isolation kit (Roche, Almere, The Netherlands) (samples from 2007 to 2014). DNA was eluted in 50 µL of elution buffer and amplified in a nested PCR using a thermocycler (GeneAmp 9700, Perkin Elmer, Waltham, MA), as previously described.[31](#jmv25232-bib-0031){ref-type="ref"}, [35](#jmv25232-bib-0035){ref-type="ref"}

A 656‐nucleotide fragment was amplified, which encompassed the first 203 of the 226 amino acids of the HBsAg and amino acid 6 to 209 of the reverse transcriptase (RT) of the polymerase. The sequence reaction was performed in house or by BaseClear (Leiden, The Netherlands) with Big Dye Terminator (Life Technologies, Carlsbad, CA).

2.3. HBV genotype and variant identification {#jmv25232-sec-0050}
--------------------------------------------

S‐region sequences were used to determine the genotype of the HBV by comparing them to reference strains using Bionumerics version 7.1 (Sint‐Martens‐Latem, Belgium).[36](#jmv25232-bib-0036){ref-type="ref"} Phylogenetic trees were constructed using the maximum parsimony method. To assess genetic variation within the HBsAg and RT, we analyzed the appearance and frequency of amino acid sequence variation within the S and RT genes by type by aligning all sequences using Bionumerics version 7.1 to the sequences of the reference HBV types (A to J) assigned by Pourkarim et al.[7](#jmv25232-bib-0007){ref-type="ref"} Subgenotype‐specific polymorphisms were excluded in the analysis. All sequences were deposited in GenBank (accession numbers: KX659172 to KX659981 and KP243601 to KP244031). For clarity, strains isolated from acute infected cases are referred to as acute strains and strains isolated from chronic cases, as chronic strains.

2.4. Statistical analysis {#jmv25232-sec-0060}
-------------------------

Statistical analyses were performed using the univariate *Χ* ^2^ test. A 2‐sided *P* \< .01 was considered statistically significant.

3. RESULTS {#jmv25232-sec-0070}
==========

3.1. Epidemiology of HBV genotypes for 2004 to 2014 {#jmv25232-sec-0080}
---------------------------------------------------

Between 2004 and 2014, HBV strains isolated from 1231 acutely infected cases and 585 chronically infected cases from behavioral risk groups were successfully sequenced and typed (Figure [1](#jmv25232-fig-0001){ref-type="fig"} and Table [1](#jmv25232-tbl-0001){ref-type="table"}). Genotype (Gt) A was the dominant genotype detected between 2004 and 2014, accounting for 68.2% (n = 839) of the acute cases and 34.9% (n = 161) of the chronic cases with risk behavior (Table [1](#jmv25232-tbl-0001){ref-type="table"}). A majority of the GtA acute cases (86.2%) were born in The Netherlands, followed by only 1% to 2% born in Surinam, Turkey, and The Netherland Antilles. Similarly, chronic GtA cases were for the most part born in The Netherlands (35.3%), followed by Surinam (9.3%). Over the whole study period, only 2 epidemiological clusters were found, as previously described.[37](#jmv25232-bib-0037){ref-type="ref"}, [38](#jmv25232-bib-0038){ref-type="ref"}

![Maximum parsimony tree of the HBsAg of HBV strains isolated from 1232 Dutch acute HBV--infected cases characterized between 2004 and 2014. The cases are color‐coded by infection status and sex. Gt, genotype; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus](JMV-90-1576-g001){#jmv25232-fig-0001}

###### 

Distribution of HBV acute and chronic infected cases (strains) and HBsAg/major hydrophobic region (MHR) variation by genotype between 2004 and 2014

  Genotype    Cases, n (% of all cases)   Strains harboring variation in the HBsAg, n (% of Gt)   Strains harboring variation in MHR, n (% of Gt)   Number of substitutions within the MHR
  ----------- --------------------------- ------------------------------------------------------- ------------------------------------------------- ----------------------------------------
  *Acute*                                                                                                                                           
  GtA         839 (68.2)                  100 (11.9)                                              23 (2.7)                                          28
  GtB         31 (2.5)                    13 (41.9)                                               5 (16.1)                                          5
  GtC         61 (5.0)                    13 (21.3)                                               5 (8.2)                                           6
  GtD         214 (17.4)                  88 (41.1)                                               64 (29.9)                                         73
  GtE         51 (4.1)                    20 (39.2)                                               7 (13.7)                                          7
  GtF         35 (2.8)                    9 (22.9)                                                1 (2.9)                                           1
  Total       1231                        243 (19.7)                                              105 (8.5)                                         120
  *Chronic*                                                                                                                                         
  GtA         204 (34.9)                  86 (42.2)                                               24 (11.8)                                         30
  GtB         68 (11.6)                   48 (70.6)                                               19 (27.9)                                         23
  GtC         48 (8.2)                    27 (56.3)                                               9 (18.8)                                          14
  GtD         200 (34.2)                  110 (55.0)                                              46 (23.0)                                         70
  GtE         59 (10.1)                   37 (62.7)                                               11 (18.6)                                         14
  GtF         6 (1)                       1 (16.7)                                                0 (‐)                                             0
  Total       585                         309 (52.8)                                              109 (18.6)                                        151

John Wiley & Sons, Ltd.

GtD was the second most dominant type and was detected in 17.4% (n = 214) of the acute cases and 34.2% (n = 200) of the chronic cases (Table [1](#jmv25232-tbl-0001){ref-type="table"}). A majority of the acute gtD cases were born in The Netherlands (66.8%), followed by Turkey (8.4%), whereas this was reversed among chronic cases, where a majority of chronic GtD cases were born in Turkey (33.5%), followed by The Netherlands (12.5%).

For acute GtB, C, D, and E, The Netherlands was the predominant country of birth. In contrast, for chronic GtB and GtC, most cases were born in China (25.4% and 50.0%, respectively), and for GtE, almost all cases (98%) were born in African countries.

A majority of the acute cases were not vaccinated (91%, n = 1117). For 5% (n = 66) vaccination was complete/incomplete, and for 4% (n = 48) vaccination status was unavailable. In contrast to the vaccination status of acute strains, the vaccination status in a majority of the chronic cases notified in OSIRIS (\>2010) was unavailable (74%, n = 434). Twenty‐five percent (n = 144) were not vaccinated, and in 1% (n = 7), vaccination was either complete or incomplete. No vaccination data of chronic cases before 2010 could be obtained.

Overall, acute and chronic HBV infections were more frequently reported in men, 79% and 63%, respectively (Figure [1](#jmv25232-fig-0001){ref-type="fig"}), and the median age of infection among acute cases was 41 years. The median age of infection among chronic cases cannot be assessed as cases are reported as chronically infected and not when (acute) infection has occurred.

3.2. HBsAg variation among acute cases {#jmv25232-sec-0090}
--------------------------------------

The HBsAg amino acid sequences of the 6 genotypes were analyzed and compared to their respective reference type.[7](#jmv25232-bib-0007){ref-type="ref"} Of the 1231 acute strains, 19.7% (n = 242) harbored variation in the HBsAg ranging from a single substitution (14.3%, n = 176) to a combination of 2 to 9 substitutions (5.4%, n = 66). The HBsAg variation among acute GtA strains was the lowest and was significantly lower than that found for GtB, D, and E strains (Table [1](#jmv25232-tbl-0001){ref-type="table"} and Figure [2](#jmv25232-fig-0002){ref-type="fig"}). In total, 100 GtA strains (11.9% of 839 GtA strains; Table [1](#jmv25232-tbl-0001){ref-type="table"}) harbored HBsAg variation, ranging from a single substitution (9.9%, n = 83) to a combination of 2 to 6 substitutions (2%, n = 17) per strain (Figure [2](#jmv25232-fig-0002){ref-type="fig"}). In comparison, GtB, C, D, E, and F strains harbored HBsAg variation in 41.9%, 21.3%, 41.1%, 39.2%, and 22.9%, respectively (Table [1](#jmv25232-tbl-0001){ref-type="table"}). Combinations of substitutions were the most frequently found for GtD acute strains, ranging from 2 to 9 substitutions (14.5%, n = 31 ; Figure [2](#jmv25232-fig-0002){ref-type="fig"}). Combinations of substitutions were the lowest for GtB, C, E, and F strains and ranged from 2 substitutions per strain (GtF) to 2 to 3 substitutions per strain (GtB and C) and 2 to 5 substitutions per strain (GtE; Figure [2](#jmv25232-fig-0002){ref-type="fig"}).

![Variation frequency within the HBsAg ranging from a no substitution to 1 to 10 substitutions among acute and chronic strains. The data set for acute cases is a representative set of acute HBV in The Netherlands. The data set for chronic cases only represents those with risk behavior from various risk groups (\<2010) and in most cases from MSM (\>2010). The HBsAg amino acid sequence variation of the 6 genotypes was compared to the respective reference type 7. HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; MSM, men who have sex with men](JMV-90-1576-g002){#jmv25232-fig-0002}

In total, we found 105 acute strains (8.5%) with 120 different substitutions divided over 29 positions within the MHR (Table [1](#jmv25232-tbl-0001){ref-type="table"} and Figure [3](#jmv25232-fig-0003){ref-type="fig"}). The MHR substitutions predominantly appeared in a combination of 2 or more substitutions per strain. MHR substitutions were more frequently found among GtD acute strains (n = 64) with 73 different substitutions and accounted for 29.9% of the 214 GtD strains. For GtA, 28 different substitutions were identified among 2.7% of the GtA strains. The number of strains harboring variation in the MHR and the number of MHR substitutions among GtB, C, and E were significantly lower (*P* \< .01) compared to GtD (Table [1](#jmv25232-tbl-0001){ref-type="table"}). One GtF strain showed only one MHR substitution, which was described as an immune escape substitution having an impact on HBsAg detection: G145R. The patient was fully vaccinated at the time of diagnosis, yet was found to be HBsAg positive. Other substitutions described as immune escape and/or to have been associated with HBsAg test failure were found among GtA, B, D, and E, totaling up to 50 strains harboring these substitutions as a single substitution or in combination (4.1% of all acute strains; Table [2](#jmv25232-tbl-0002){ref-type="table"}). Apart from the GtF case, 3 other cases (GtD) were found to be vaccinated (1 complete/2 incomplete), yet were HBsAg positive, and were infected with a variant harboring a single MHR substitution (M103I or T118A or P127I), of which only M103I was associated with HBsAg test failure (Table [2](#jmv25232-tbl-0002){ref-type="table"}). Data on whether the cases were nonresponders could not be assessed as data were anonymized.

![Frequency and distribution of amino acid substitutions within the HBsAg (amino acid residues 1 to 203) of genotypes A to F. Acute strains are shown in blue bars and chronic strains are in red bars. Positions associated with vaccine/immune escape and/or test result are boxed. Gt, genotype; HBsAg, hepatitis B surface antigen](JMV-90-1576-g003){#jmv25232-fig-0003}

###### 

Number of strains with substitutions associated with vaccine escape (VEM) and/or HBsAg test failure located within the major hydrophobic regions (MHRs)

              Acute strains, n                                   Chronic strains, n                                                                                                                                         
  ----------- -------------------------------------------------- -------------------- --- -------------------------------------------------- --- --- --- --- --- -------------------------------------------------- --- --- ----------------------------
  Y100C                                                                                   2                                                                                                                                 VEM and HBsAg test failure
  Q101R                                                                                   4                                                                                                                                 HBsAg test failure
  M103I       1                                                                           2                                                          1           2                                                          HBsAg test failure
  L109I                                                                                   1                                                                                                                                 VEM and HBsAg test failure
  T118R                                                                                   1                                                          1                                                                      VEM and HBsAg test failure
  P120T/S     5                                                                           4                                                                      8                                                          VEM and HBsAg test failure
  R122K                                                                                   5                                                  1                   1                                                          HBsAg test failure
  T126I/S/A                                                      1                                                                                       4                                                                  VEM and HBsAg test failure
  P127T/L     2                                                                           4                                                                      2                                                          VEM and HBsAg test failure
  A128V       1                                                                           10                                                                                                                        1       HBsAg test failure
  Q129R/H     1                                                                           2                                                  1       1   1       1                                                          VEM and HBsAg test failure
  T131S/I                                                        1                                                                           1               1                                                              VEM and HBsAg test failure
  M133I                                                                                                                                              3       1   1                                                          VEM and HBsAg test failure
  F/Y134N/L                                                                               2                                                              2   1   3                                                          VEM and HBsAg test failure
  T140I                                                          1                                                                                                                                                          VEM and HBsAg test failure
  S143L                                                                                   1                                                                      1                                                          VEM and HBsAg test failure
  D144A/E                                                                                 1                                                                      1                                                  3       VEM and HBsAg test failure
  G145R                                                                                                                                          1                                                                          VEM and HBsAg test failure
  G145A                                                                                                                                                      1                                                              VEM and HBsAg test failure
  E164G                                                                                                                                                  1       1                                                          HBsAg test failure
  A168V                                                                                                                                                          1                                                          VEM and HBsAg test failure
  Total       10[^a^](#jmv25232-tbl2-note-0001){ref-type="fn"}   3                    0   39[^b^](#jmv25232-tbl2-note-0002){ref-type="fn"}   3   1   6   8   4   22[^c^](#jmv25232-tbl2-note-0003){ref-type="fn"}   4   0   

M103I/A128V/Q129R was found as a triple substitution in 1 GtA acute strain totaling to 8 acute GtA cases with MHR substitutions.

R122K/Q129R was found as a double substitution in 2 GtD acute strains and Y100C/L109I/T118R was found as a triple substitution in 1 GtD acute strain totaling to 35 acute GtD cases with MHR substitutions.

M103I/P120T/R122K was found as a triple substitution in 1 GtD chronic strain and M103I/P120S was found as a double substitution in 1 GtD chronic strain totaling to 19 acute GtD cases with MHR substitutions.

Gt, genotype; HBsAg, hepatitis B surface antigen; MHR, major hydrophobic region.

John Wiley & Sons, Ltd.

Almost all cases were HBsAg positive as this was a reporting criterion to OSIRIS. However, 3 cases (GtD) were HBsAg‐negative harboring an MHR substitution (T118A or A128V or a combination of R122K and Q129R), of which only R122K and A128V were associated with immune/vaccine escape (Table [2](#jmv25232-tbl-0002){ref-type="table"}). A positive IgM HBcAg test result led to their notification.

3.3. HBsAg variation among chronic infected cases {#jmv25232-sec-0100}
-------------------------------------------------

The HBsAg amino acid sequences of the chronic strains were compared to the respective reference type.[7](#jmv25232-bib-0007){ref-type="ref"} Of the 585 chronic strains, more than half of the strains (52.8%, n = 309) harbored variation within the HBsAg, ranging from a single substitution (24.4%, n = 143) or a combination of 2 to 10 substitutions per strain (28.4%, n = 166). The variation was high for GtA (42.2%), GtB (70.6%), GtC (56.3%), GtD (55.0%), and GtE (62.7%; Table [1](#jmv25232-tbl-0001){ref-type="table"}). The genetic HBsAg variation was the lowest for GtF, with only 1 (16.7%) strain (1 substitution outside the MHR; Figure [2](#jmv25232-fig-0002){ref-type="fig"}).

The combination of substitutions per strain was the highest for GtC and ranged from a combination of 2 to 10 substitutions (25%, n = 12) per strain (Figure [2](#jmv25232-fig-0002){ref-type="fig"}). This was followed by GtB, GtD, and GtA, with a combination of 2 to 8 substitutions for GtA (22.1%, n = 45) and GtB (45.6%, n = 31) and 2 to 9 for gtD (33.0%, n = 66; Figure [2](#jmv25232-fig-0002){ref-type="fig"}).

Among the chronic strains, 109 had substitutions (accounting for 151 different substitutions divided over 37 positions) located within the MHR (Table [1](#jmv25232-tbl-0001){ref-type="table"} and Figure [3](#jmv25232-fig-0003){ref-type="fig"}). Similar to acute strains, the MHR substitutions predominantly appeared in a combination of 2 or more substitutions per strain. The number of chronic GtD strains with substitutions located within the MHR (46 strains with 70 substitutions) was significantly (*P* \< .01) higher than that found among GtA (24 strains with 30 substitutions) and other genotypes (Table [1](#jmv25232-tbl-0001){ref-type="table"}).

Substitutions described as an immune escape substitution and/or to have an impact on HBsAg detection (Table [2](#jmv25232-tbl-0002){ref-type="table"}) were found among 41 chronic strains (7.0%) that harbored these substitutions as a single substitution or in combination. Only 1 of 7 cases that were vaccinated was infected with a variant (GtA) harboring the substitution F134A that was not associated with vaccine/immune escape. Whether the case was vaccinated before primary infection could not be assessed as data were anonymized.

3.4. RT substitutions {#jmv25232-sec-0110}
---------------------

Owing to the overlapping nature of the S gene over the polymerase, sequence analysis of the RT region of the polymerase was additionally conducted to identify antiviral resistance markers.

The acute HBsAg substitutions resulted in 444 different substitutions in the RT region of the polymerase among 335 strains (Table [3](#jmv25232-tbl-0003){ref-type="table"}). Among the chronic strains, 604 different substitutions were found among 321 chronic cases. Five different substitutions were described to confer antiviral resistance against Lamuvidine, Entecavir, and Telibividune. Substitutions that were found to confer reduced susceptibilty against Adefovir and Tenofovir[39](#jmv25232-bib-0039){ref-type="ref"}, [40](#jmv25232-bib-0040){ref-type="ref"} were found in 3 acute strains (GtA (n = 2), and GtD (n = 1) and 5 GtA chronic strains (Table [3](#jmv25232-tbl-0003){ref-type="table"}). Substitutions L180M and M204V were always found in combination, appearing as double substitutions in 1 acute and 5 chronic GtA strains, and with V173L as a triple substitution in 1 acute GtA strain.

###### 

Distribution of reverse transcriptase substitutions among strains isolated from HBV acute and chronic infected cases by genotype between 2004 and 2014 and substitutions associated with antiviral resistance (AVR)

          Acute     Chronic                                                                                                                                                                               
  ------- --------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------- ------------------------------------------------------------------------------------------------------------------
  GtA     197/168   V173L (1)[^b^](#jmv25232-tbl3-note-0002){ref-type="fn"}, L180M (2)[^c^](#jmv25232-tbl3-note-0003){ref-type="fn"}, M204V (2)[^c^](#jmv25232-tbl3-note-0003){ref-type="fn"}   137/79    L180M (5)[^c^](#jmv25232-tbl3-note-0003){ref-type="fn"}, M204V (5)[^c^](#jmv25232-tbl3-note-0003){ref-type="fn"}
  GtB     19/16                                                                                                                                                                                 74/47     
  GtC     19/10                                                                                                                                                                                 54/25     
  GtD     162/108   V173L (1)                                                                                                                                                                   230/132   
  GtE     35/25                                                                                                                                                                                 105/36    
  GtF     12/8                                                                                                                                                                                  4/2       
  Total   444/335                                                                                                                                                                               604/321   

V173L, L180M, and M204V are associated with lamivudine, telbivudine, and entecavir resistance, respectively; L180M + M204V are associated with lamivudine and telbivudine resistance; V173L is associated with lamivudine resistance.

L180M/M204V/V173L was found as a triple substitution in 1 acute strain.

L180M/M204V was found as a double substitution in 1 acute strain and 5 chronic strains.

AVR, antiviral resistance; Gt, genotype; RT, reverse transcriptase.
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3.5. HBsAg stop codons {#jmv25232-sec-0120}
----------------------

We identified 7 acute strains (0.6%) and 7 chronic strains (1.2%) that were infected with a variant with a stop codon within the HBsAg gene that could result in truncated expression of the HBsAg: L15STOP (n = 1 acute and n = 2 chronic), residue S61STOP (n = 2 acute), C69STOP (n = 1 acute and n = 1 chronic), W165STOP (n = 1 acute and n = 1 chronic), L175STOP (n = 1 acute), W182STOP (n = 1 acute and n = 1 chronic), and W199 STOP (n = 2 chronic).

Stop codon W182 resulted in the drug‐resistant substitution (V173L) described above. All cases were reported based on a positive HBsAg test result.

4. DISCUSSION {#jmv25232-sec-0130}
=============

This study shows, for the first time, variation among acute cases as well as a comparison of the genetic variation of the HBsAg and the MHR region between acute and chronic HBV cases diagnosed in The Netherlands. We should point out that the data set for acute cases is a representative set of acute HBV in The Netherlands, whereas the data set for chronic cases represents only those with risk behavior from various risk groups (\<2010) and in most cases from MSM (\>2010).

We showed that 6 genotypes continue to circulate in The Netherlands,[27](#jmv25232-bib-0027){ref-type="ref"}, [31](#jmv25232-bib-0031){ref-type="ref"} of which GtA is the dominant genotype, followed by GtD among both acute and chronic cases. However, GtD showed significantly more variation over the entire HBsAg and within the MHR than GtA or any other genotype among both acute and chronic cases.

Overall, the variation among the chronic strains for all of the genotypes was significantly higher than that for acute strains. Twenty percent of the acute strains harbored variation within the HBsAg, whereas more than half of the chronic strains (53%) harbored variation within the HBsAg. Other studies have shown similar percentages, ranging from 40% to 55% variation, which were mostly among chronic GtD strains.[11](#jmv25232-bib-0011){ref-type="ref"}, [41](#jmv25232-bib-0041){ref-type="ref"}, [42](#jmv25232-bib-0042){ref-type="ref"}, [43](#jmv25232-bib-0043){ref-type="ref"} The low diversity among GtA acute strains suggests that the transmission of GtA[8](#jmv25232-bib-0008){ref-type="ref"}, [9](#jmv25232-bib-0009){ref-type="ref"} is sustained within the MSM community in The Netherlands[44](#jmv25232-bib-0044){ref-type="ref"}, [45](#jmv25232-bib-0045){ref-type="ref"} and that there is little transmission from chronic cases leading to new infections. In contrast, the high variation among acute GtB, D, and E most likely represents transmission from chronically infected cases, as shown by Kretzschmar et al.[44](#jmv25232-bib-0044){ref-type="ref"}

Amino acid substitutions within the MHR can influence vaccine effectiveness as well as diagnostic sensitivity by affecting antibody binding either to the virus when infected or to antigens in a specific test.[10](#jmv25232-bib-0010){ref-type="ref"}, [11](#jmv25232-bib-0011){ref-type="ref"}, [12](#jmv25232-bib-0012){ref-type="ref"}, [13](#jmv25232-bib-0013){ref-type="ref"}, [14](#jmv25232-bib-0014){ref-type="ref"}, [15](#jmv25232-bib-0015){ref-type="ref"}, [16](#jmv25232-bib-0016){ref-type="ref"}, [17](#jmv25232-bib-0017){ref-type="ref"}, [18](#jmv25232-bib-0018){ref-type="ref"}, [19](#jmv25232-bib-0019){ref-type="ref"}, [20](#jmv25232-bib-0020){ref-type="ref"}, [21](#jmv25232-bib-0021){ref-type="ref"}, [22](#jmv25232-bib-0022){ref-type="ref"}, [23](#jmv25232-bib-0023){ref-type="ref"} HBsAg substitutions have also been related to a decrease in antibody titers affecting test results[23](#jmv25232-bib-0023){ref-type="ref"}, [46](#jmv25232-bib-0046){ref-type="ref"} or to reactivation in individuals with previously resolved infection or immunosuppressed individuals with stable chronic infection.[24](#jmv25232-bib-0024){ref-type="ref"} As such, the circulation of variants, in particular, those affecting immune or vaccination response, is a major public health concern. As the clinical background of the cases, whether the acute infection was resolved or chronic cases were immunosuppressed (by therapy), was unknown, variation as for reactivation could not be taken into account.

In our study, we found 18.6% of chronic strains to harbor a substitution with the MHR, which varied from 0% for GtF to 28% for GtB; this is in line with data from other studies describing a prevalence of these substitutions ranging from 14% to 44% worldwide.[11](#jmv25232-bib-0011){ref-type="ref"}, [47](#jmv25232-bib-0047){ref-type="ref"}, [48](#jmv25232-bib-0048){ref-type="ref"}, [49](#jmv25232-bib-0049){ref-type="ref"}, [50](#jmv25232-bib-0050){ref-type="ref"}, [51](#jmv25232-bib-0051){ref-type="ref"} This was significantly higher compared to acute strains (8.6%), where we show, for the first time, prevalence data on acute strains.

MHR substitution associated with immune escape and HBsAg detection failure were found in 4.1% of all of the acute strains and 7.0% of all chronic strains. Because a majority of the cases with an MHR substitution were not vaccinated and these substitutions have also been described among nonvaccinated individuals, we cannot assess the full impact of these substitutions in this study. In The Netherlands, HBV vaccination of second‐generation migrant children started in 2003 and universal HBV vaccination of all children through the national immunization program started in August 2011. Of concern is that most acutely infected children are asymptomatic, while being at high risk to develop chronic infection. As most chronic cases are detected around 40 years of age (data not shown)[31](#jmv25232-bib-0031){ref-type="ref"}, [52](#jmv25232-bib-0052){ref-type="ref"} and as the vaccinated cases are now 4 to 10 years old, it would not be until 30 to 40 years later that the clinical impact of the circulation of these variants would be seen. Furthermore, universal vaccination has been suggested to aid in the selection of vaccine escape variants,[50](#jmv25232-bib-0050){ref-type="ref"}, [53](#jmv25232-bib-0053){ref-type="ref"} and infection modeling indicated that the frequency of VEMs will increase in 50 years' time.[54](#jmv25232-bib-0054){ref-type="ref"}

The immune escape substitution has also been described to be associated with HBsAg test failure.[11](#jmv25232-bib-0011){ref-type="ref"}, [16](#jmv25232-bib-0016){ref-type="ref"}, [55](#jmv25232-bib-0055){ref-type="ref"}

In only 3 cases an HBsAg‐negative test result was reported (a positive IgM HBcAg test result led to their notification) that harbored the substitutions T118A, A128V, or a combination of R122K and Q129R.

Test failure also holds true for variants with a stop codon. Even though a stop codon can lead to truncated HBsAg, thereby leading to false‐negative test results,[56](#jmv25232-bib-0056){ref-type="ref"} we found 14 cases that contained a stop codon within the HBsAg gene both upstream and downstream of the MHR, all with HBsAg‐positive test results. Similar findings were reported by Pourkarim et al,[41](#jmv25232-bib-0041){ref-type="ref"} who found no relation between a stop codon and a false‐negative test result.

Our study comprises, for the most part, HBsAg‐positive cases, as this is one of the reporting criteria, and we therefore may have or are missing cases that indeed cannot be detected by current assays. It should be noted that current HBV surface antigen assays are able to detect most MHR variants that previously failed detection, and indeed the substitutions found in our study were among the acute strains detected through a positive HBsAg test result. However, the detection level may vary per assay, and data on which assays were used on reported cases are unavailable (various laboratories use different assays), which limits analysis of the impact of substitutions found in our assay and those possibly missed. Further studies are thus needed to assess the efficacy of the different tests used and to study the extent of HBsAg false--negative variants (not reported). Furthermore, the standardized testing algorithm for HBV in most laboratories is an HBsAg and an anti‐HBc test. When either is or both are positive, additional testing is conducted, but what is tested varies between laboratories. In the case of sole anti--HBc‐positive (HBsAg/anti--HB‐negative) additional testing of anti‐HBe, HBeAg and anti‐HBs should be conducted to exclude immune escape or test failure.

As the region of the S gene analyzed overlaps with the RT gene of the polymerase, variation of the RT gene could be analyzed for antiviral resistance with 0.4% of the acute strains and 1.0% of the chronic strains having a substitution associated with antiviral resistance.[39](#jmv25232-bib-0039){ref-type="ref"}, [40](#jmv25232-bib-0040){ref-type="ref"} However, data on treatment are not included in the database, and further conclusions could not be drawn from these data.

The anonymized data also limited the analysis of different HBV markers, which are not reported on HBsAg variation frequency; it has been shown that the levels of different HBV markers can influence the variation frequency.[57](#jmv25232-bib-0057){ref-type="ref"}, [58](#jmv25232-bib-0058){ref-type="ref"} In addition, various laboratories use different assays, and the data on HBsAg level/DNA level that may vary between assays[57](#jmv25232-bib-0057){ref-type="ref"} cannot be assessed using retrospective data and a new prospective study with standardized platforms needs to be conducted.

In conclusion, this study is the first to report on HBsAg variation among acute cases and to make a comparison of HBV acute and chronically infected cases in The Netherlands. The study shows significant differences of variation between both acute and chronic cases. These findings indicate the necessity of monitoring and studying amino acid substitutions, which can have an impact on vaccine effectiveness and HBsAg testing. Furthermore, the diagnostic testing algorithms/assays should be evaluated further to exclude underreporting of false HBsAg‐negative cases.
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